WORLD INTELLECTUAL PROPERTY ORGANTZATTON 
International Bureau 




PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ! 
A61L 9/04, 9/14 



Al 



(11) International Publication Number: WO 98/29140 

(43) International Publication Date: , 9 July 1998 (09.07.98) 



(21) International Application Number: PCT/US97/23903 

(22) International Filing Date: 29 December 1997 (29.12.97) 



(30) Priority Data: 
60/034.837 



3 1 December 1 996 (3 1 , 1 2.96) US 



(71) Applicant: INHALE THERAPEUTIC SYSTEMS [US/US]; 

1060 East Meadow Circle. Palo Alto, OA 94303 (US). 

(72) Inventor: GORDON, Marc, S.; 1474 Samedra Street, Sunny- 
. vale,.CA. 9.4087 (US). 

(74) Agents: HESLIN^ James, M. et al.; Townsend and Townsend 
and Crew LLP, 8th floor. Two Embarcadero Center, San 
Francisco, CA 941 1 1-3834 (US). 



(81) Designated States: AL, AM, AT, AU, A2, BA, BB, BG, BR, 
BY, CA, CH. CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID. IL. IS. JP, KE, KG, KP, KR. KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, ?T, RO, RU, SD, SB, SG, SI, SK, SL, TJ, 
TM. TR, TT, UA, UG, UZ, VN, YU. ZW, ARJPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH. DE, DK, ES, Fl, FR. GB, GR, IE. IT. LU. 
MC, NL, PT, SE). OAPI patent (BF. BJ. CF, CG, CI, CM. 
GA. GN, ML, MR, NE, SN, TO, TG). 



Published 

With international search report. 

Before the e:q>iration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: PROCESSES AND COMPOSITIONS FOR SPRAY DRYING HYDROPHOBIC DRUGS IN ORGANIC SOLVENT 
SUSPENSIONS OF HYDROPHILIC EXCIPIENTS 

CARRIER 
QAS 



LIQUID 
MEDIUM 




ATOMiZATION 
GAS/ENERGY 



DRYING 
GAS/ENERGY 



ULTRARNE 
PARTICLES 



(57) Abstract 

Methods for preparing dry powders having hydrophobic and hydrophilic components comprise combining solutions or suspensions 
of the components and spray drying them simultaneously in a spray drier. The hydrophobic component may be dissolved in an inorganic 
solvent and the hydrophilic component suspended therein. The method provides dry powders having relatively uniform characeteristics. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


£S 


Spain 


LS 


Lesotho 


St 


Slovenia 


AM 


Armenia 


m 


Finland 


LT 


Lidujania 


SK 


Sbvalda 


AT 


Austria 


FR 


Prance 


LU 


Luxembourg 


SN 


Senega] 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdotn 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tapiristan 


BE 


Belgium 


GN 


Guinea 


MK 


The. former Yugoslav 


TM 


Turkmenistan 


BF 


BorVina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


EG 


Bulgads 


HI) 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


UlcrainB 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Beiams 


IS 


Iceland 


MW 


Malawi 


US 


United Stales of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Centrat African Republic 


JP 


Japan 


NB 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgytstan 


NO 


Norway 


zw 


Zimbabwe 


a 


Cate d'Tvoire 


KP 


Democratic Peopie*s 


NZ 


New Zealand 






CM 


Camcioon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazaksian 


RO 


Romania 






CZ 


Czecii Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Oermany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmarlc 


LK 


Sri Lanica 


SB 


Sweden 






EG 


Estonia 


LR 


Liberia 


SG 


Singapore 







Wp 98/29140 



PCT/US97/23903 



PROCESSES AND COMPOSITIONS FOR SPRAY DRYING HYDROPHOBIC DRUGS 
IN ORGANIC SOLVENT SUSPENSIONS OF HYDROPHILIC EXCIPIENTS 

10 This application is a continuation-in-part of 

Provisional Application No. 60/034,837, filed on December 31, 

19'9S, t'He full disclosure of^whlcli is ^xhcorpor^^^ 

reference. 

15 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates generally to dry 
powder compositions and methods for their preparation and use. 
In particular, the present invention relates to methods for 

20 spray drying pharmaceutical and other compositions comprising 
a hydrophobic drug or other component and a hydrophilic 
excipient or other component . 

Over the years, certain drugs have been sold in 
formulations suitable for oral inhalation (pulmonary delivery) 

25 to treat various conditions in humans. Such pulmonary drug 
delivery formulations are designed to be inhaled by the 
patient so that the active drug within the dispersion reaches 
the lung. It has been found that certain drugs delivered to 
the lung are readily absorbed through the alveolar region 

30 directly into blood circulation. Such pulmonary delivery can 
be effective both for systemic delivery and for localized 
delivery to treat diseases of the lungs. 

Pulmonary drug delivery can itself be achieved by 
different approaches, including liquid nebulizers, aerosol- 

35 based metered dose inhalers (MDI's), and dry powder dispersion 
devices. Aerosol-based MDI * s are losing favor because they 
rely on the use of chlorof luorocarbons (CFC's), which are 
being banned because of their adverse effect on the ozone 
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layer. Dry pov/der dispersion devices, which do not rely on 
CFC aerosol technology, are promising for delivering drugs 
that may be readily formulated as dry powders. 

The ability to deliver pharmaceutical compositions 
5 as dry powders, however, is problematic in certain respects. 
The dosage of many pharmaceutical compositions is often 
critical, so it is desirable that dry powder delivery systems 
be able to accurately, precisely, and reliably deliver the 
intended amount of drrig. Moreover, many pharmaceutical 
10 compositions are quite expensive. Thus, the ability to 

efficiently fonnulate, . proceas., .package,, and . deliver, the dry 
powders with a minimal loss of drug is critical. With dry 
powder drug delivery, both the delivered dose efficiency, i.e. 
the percentage of drug from a unit dose receptacle which is 
' 15 aerosolized and delivered from a delivery device, and the 

median particle size distribution, i.e. the deviation from the 
median size, are critical to the successful delivery of 
powders to a patient ' s lungs . 

A particularly promising approach for the pulmonaory 
20 delivery of dry powder drugs utilizes a hand-held device with 
a hand pump for providing a source of pressurized gas. The 
pressurized gas is abruptly released through a powder 
dispersion device, such as a venturi nozzle, and the dispersed 
powder made available for patient inhalation. While 
25 advantageous in many respects, such hand-held devices are 
problematic in a number of other respects. The particles 
being delivered are usually less than 5 /xm in size, making 
powder handling and dispersion more difficult than with larger 
particles. The problems are exacerbated by the relatively 
30 small volumes of pressurized gas, which are available using 
hand- actuated pumps. In particular, venturi dispersion 
devices are unsuitable for dif f icult-to-disperse powders when 
only small volumes of pressurized gas are available with the 
handpump. Another requirement for hand-held and other powdex: 
35 delivery devices is efficiency. High device efficiency in 
delivering the drug to the patient with the optimal size 
distribution for pulmonary delivery is essential for a 
commercially viable product. 
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Spray drying is a conventional chemical processing 
unit operation used to produce dry particulate solids from a 
variety of liquid and slurry starting materials. The use of 
spray drying for the formulation of dry powder pharmaceuticals 
5 is known, but has usually been limited to spray drying of 

hydrophilic drugs in aqueous solutions, usually in combination 
with hydrophilic excipients. Many drugs, however, are 
hydrophobic, preventing spray drying in aqueous solutions. 
While spray drying of hydrophobic materials can often be 

10 accomplished using an organic solvent, the use of such non- 
aqueous ■ solvent s-generaliy limits the abiiity to 

simultaneously spray dry a hydrophilic excipient. 

For these reasons, it would be desirable to provide 
improved methods for spray drying pharmaceutical and other 

15 compositions which comprise both hydrophobic and hydrophilic 
components, such as hydrophobic dmgs and hydrophilic 
excipients. Such spray drying methods should be compatible 
with a wide variety of hydrophobic drugs as well as 
conventional hydrophilic excipients, such as povidone 

20 (polyvinylpyrrolidone) and other water soluble polymers, 
citric acid, mannitol, pectin and other water soluble 
carbohydrates, and particularly with those excipients which 
are accepted for use in inhalation formulations, such as 
lactose, sodium chloride, and sodium citrate. Such spray 

25 drying methods will preferably produce particles having a 
uniform size distribution, with a mean particle size below 
10 ^m, preferably below 5 /xm, and a standard deviation less 
than or equal to ± 2 /im. Such powders should further exhibit 
uniform composition from batch to batch so that any tendency 

30 for particles of different compositions and/or sizes to 

separate in the lungs will have a reproducible impact on the 
therapeutic effect. Additionally, such spray drying methods 
should provide for dry powders which are physically and 
chemically stable and which have low levels of any residual 

35 organic solvents or other components which might be used in 
the spray drying process . At least some of the above 
objectives will be met by the various embodiments of the 
present invention which are described in detail below. 
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2 . Description of the Backcrround Art 

Methods for spray drying hydrophobic and other drugs 
and components are described in U.S. Patent Nos . 5,000,888; 
5,026,550; 4 , 670 , 419 , 4 , 540 , 602 ; and 4,486,435. Bloch and 
5 Speison (1983) Pharm. Acta Helv 58:14-22 teaches spray drying 
of hydrochlorothiazide and chlorthalidone . (lipophilic drugs) 
and a hydrophilic adjuvant (pentaerythritol) in azeotropic 
solvents of dioxane-water and 2-ethoxyethanol-water . A number 
of Japanese Patent application Abstracts relate to spray 

10 drying of hydrophilic -hydrophobic product combinations, 

including. JP 806766 ;. JP..-. 72 4.2 5 6 8,;. JP. ..7101884.; JE .7101883 

JP 71018982; JP 7101881; and JP 4036233. Other foreign patent 
publications relevant to spray drying hydrophilic -hydrophobic 
product combinations include FR 2594693; DE 2209477; and 

15 WO 88/07870. 

WO 96/09814 describes spray dried pharmaceutical 
powders. In particular. Example 7 describes spray drying 
budesonide and lactose in ethanol where the budesonide is 
partially soluble and the lactose is insoluble. U.S. Patent 

20 Nos. 5,260,306; 4,590,206; GB 2 105 189; and EP 072 046 

describe a method for spray drying nedocromil sodium to form 
small particles preferably in the range from 2 to 15 ^m for 
pulmonary delivery. U.S. Patent No, 5,376,386, describes the 
preparation of particulate polysaccharide carriers for 

25 pulmonary drug delivery, where the carriers comprise particles 
sized from 5 to 1000 [xm, Mumenthaler et al. (1994) Pharm, 
Res. 11:12 describes recombinant human growth hormone and 
recombinant tissue-type plasminogen activator. WO 95/23613 
describes preparing an inhalation powder of DNase by spray 

30 drying using laboratory- scale equipment. WO 91/16882 

describes a method for spray drying proteins and other drugs 
in liposome carriers. 

The following applications assigned to the assignee 
of the present application each describe that spray drying may 

3 5 be used to prepare dry powders of biological macromolecules ; 

application serial no. 08/644,681, filed on May 8, 1996, which 
was a continuation-in-part of application serial no. 
08/423,515, filed on April 14, 1995; application serial no. 
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08/383,475, which was a continuation-in-part of application 
serial no. 08/207,472, filed on March 7, 1994; application 
serial no. 06/472,563, filed on April 14, 1995, which was a 
continuation-in-part of application serial no. 08/417,507, 
filed on April 4, 1995, now abandoned, which was a 
continuation of application no. 08/044,358, filed on 
April 7, 1993, now abandoned; application serial 
no. 08/232,849, filed on April 25, 1994, which was a 
continuation of application serial no. 07/953,397, now 
abandoned. WO 94/07514 claims priority from serial 
no. 07/953,397, WO 95/24183. claims priority from serial 
nos. 08/207,472 and 08/383,475. 

SUMMARY OF THE INVENTION 
According to the present invention, methods for 
spray drying hydrophobic drugs and other materials are 
provided which overcome at least some of the deficiencies 
noted above with respect to prior spray drying processes. In 
particular, the spray drying methods of the present invention 
permit the simultaneous spray drying of the hydrophobic 
component with a hydrophilic component, such as a hydrophilic 
pharmaceutical excipient, under conditions which result in a 
dry powder comprising mixtures of both the hydrophilic and 
hydrophobic components. Although the methods of the present 
invention are particularly useful for forming pharmaceutical 
compositions where the hydrophobic component is a hydrophobic 
drug, usually present at from 0.01% to 95% of the powder, and 
the hydrophilic component is a hydrophilic excipient, usually 
present at from 99.99% to 5% of the powder, the methods may be 
applied more broadly to form dry powders comprising a variety 
of hydrophobic and hydrophilic components at different 
concentration ranges, including hydrophilic drugs and 
hydrophobic excipients. 

The spray drying methods of the present invention 
are compatible with at least most hydrophilic pharmaceutical 
excipients, particularly including mannitol, povidone, pectin, 
lactose, sodium chloride, and sodium citrate. Use of the 
latter three excipients is particularly preferred for powders 
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intended for pulmonary delivery as they are "generally 
recognized as safe" (GRAS) for such applications. The methods 
are also suitable for use with numerous hydrophobic drugs and 
nutrients, including steroids and their salts, such as 
budesonide, testosterone, progesterone, estrogen, flunisolide, 
triamcinolone , beclomethasone , betamethasone ; dexamethasone , 
fluticasone , methylprednisolone , prednisone , hydrocortisone , 
and the like; peptides, such as cyclosporin and other water 
insoluble peptides; retinoids, such as all-cis retinoic acid, 
13 -trans retinoic acid, and other vitamin A and beta carotene 

derivatives ; jrJLtami ..Dt..^.E/ and_K and water ^inso^ 

precursors and derivatives thereof; prostaglandins and 
leukotrienes and their activators and inhibitors including 
prostacyclin (epoprostanol) , prostaglandins Ej, 
tetrahydrocannabinol; lung surfactant lipids; lipid soluble 
antioxidants; hydrophobic antibiotics and chemotherapeutic 
drugs such as amphotericin B, adriamycin, and the like. 

The spray drying methods can produce a uniform 
particle size distribution. For example, the mean particle 
diameter can be controlled below 10 /xm, preferably below 5 [im, 
with a size distribution (standard deviation) less than ± 
2 iLui. The particles of the powders so produced have a minimum 
batch-to-batch variability in composition, and are physically 
and chemically stable. The powders have minimum residual 
organic solvents . 

In particular the method of the present invention 
comprises preparing a solution of a hydrophobic component in 
an organic solvent . The hydrophilic component is then 
suspended in the organic solvent to form a suspension. The 
suspension is then spray dried to form particles comprising 
both the hydrophobic and hydrophilic components. Usually, the 
hydrophobic component has a solubility of at least 0.1 mg/ml,. 
preferably being at least about 1 mg/ml in the organic 
solvent. The hydrophilic component will usually have a 
solubility below 5 mg/ml in the organic solvent, more usually 
being below 1 mg/ml. In the organic suspension, the 
hydrophobic component preferably has a concentration in the 
range from 0.01 mg/ml to 10 mg/ml, more preferably from 
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0.05 mg/ml to 5 mg/iul, and the hydrophilic component is 
usually suspended to a concentration 'in the range from 1 mg/ml 
to 100 mg/ml, more usually from 5 mg/ml to 60 mg/ml. 
Preferred organic solvents include alcohols, ketones, 
5 hydrocarbons, polar aprotic solvents, and the like. 

The hydrophilic component will usually be provided 
as a fine powder, optionally being ground, comminuted, 
micronized, or otherwise rendered tb " a very fine powder in 
order to enhance the uniformity and stability of its 

10 suspension in the organic solvent. Preferably, the 

hydrophilic component powder will have a particle size in the 
range from 5 /im to 2 nm, preferably from 2 [im to 20 nm and 
most preferably from 800 nm to 5 0 nm. Suitable techniques for 
producing powders having sub-micron and nanosized particles 

15 are described in U.S. Patent Nos . . 5 , 518 , 187 ; 5,510,118; and 
5,534, 270.. 

Powders prepared by spray drying will be collected 
from the spray drier in a conventional manner for subsequent 
use. For use as phannaceuticals and other purposes, it will 

20 frequently be desirable to disrupt any agglomerates which may 
have formed by screening or other conventional techniques. 
For pharmaceutical uses, the dry powder formulations will 
usually be measured into a single dose, and the single dose 
sealed into a package. Such packages are particularly useful 

25 for dispersion in dry. powder inhalers, as described in detail 
below. Alternatively, the powders may be packaged in 
multiple-dose containers. 

The present invention further comprises dry powder 
compositions produced according to the methods described 

3 0 above, as well as unit dose and multidose packages of such 
dried powder compositions containing a therapeutically 
effective amount of the dry powder. 

The present invention further provides methods for 
aerosolizing a dry powder composition comprising the steps of 

3 5 providing an amount of dry powder composition produced by any 
of the methods described above and subsequently dispersing thte 
dry powder composition into a flowing gas stream. 
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BRIEF DESCRIPTION OP THE DRAWINGS 
Fig. 1 is a block diagram illustrating a spray- 
drying system suitable for performing the methods, of the 
present invention. 

DETAILtED DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
The present invention relates to methods for 
preparing compositions comprising ultrafine dry powders having 
both hydrophobic and hydrophilic components. The methods are 
particularly suitable for producing ultrafine pharmaceutical 
dry powders where the hydrophobic component is a hydrophobic 
drug and the hydrophilic component is a hydrophilic excipient . 
The present invention, however, may find use for preparing a 
variety of other compositions including pharmaceutical 
compositions having hydrophilic dmgs and hydrophobic 
excipients and compositions intended for non-pharmaceutical 
applications. The methods rely on spray drying liquid media 
in which the components are solubilized or suspended. In 
particular, the hydrophobic component is solubilized in an 
organic solvent and the hydrophilic component is suspended in 
that solvent. 

The term "hydrophobic component" refers to materials 
which are insoluble or sparingly or poorly soluble in water. 
As used herein, such compositions will have a solubility below 
5 mg/ml, usually below 1 mg/ml . Exemplary hydrophobic drugs 
include certain steroids, such as budesonide, testosterone, 
progesterone, estrogen, f liinisolide, triamcinolone, 
beclomethasone, betamethasone; dexamethasone, fluticasone, 
methylprednisolone, prednisone, hydrocortisone, and the like; 
certain peptides, such as cyclosporin cyclic peptide, 
retinoids, such as all-cis retinoic acid, 13 -trans retinoic 
acid, and other vitamin A and beta carotene derivatives; 
vitamins D, E, and K and water insoliable precursors and 
derivatives thereof; prostaglandins and leukotrienes and their 
activators and inhibitors including prostacyclin 
(epoprostanol) , prostaglandins E^ Ej/ tetrahydrocannabinol; 
lung surfactant lipids; lipid soluble antioxidants; 
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hydrophobic antibiotics and chemo therapeutic drugs such as 
amphotericin B and adriamycin and the like. 

By "hydrophilic component," it is meant that the 
component is highly soluble in water and frequently capable of 
5 swelling and formation of reversible gels. Typical aqueous 

solubilities of hydrophilic components will be greater than 5 
mg/ml; usually greater than 50 mg/ml, and often much higher. 
In addition to their hydrophilic nature, the pharmaceutical 
excipients will generally be selected to provide stability, 

10 dispersibility, consistency and/or bulking characteristics to 
enhance, the. uniform pulmonary delivery., of the dried . powder 
composition to a patient- For pulmonary delivery, the 
excipients must be capable of being taken into the lungs with 
no significant adverse toxicological effects on the lungs. 

15 Exemplary hydrophilic excipients include carbohydrates and 

other materials selected from the group consisting of lactose, 
sodium citrate, mannitol, povidone, pectin, citric acid, 
sodium chloride, water soluble polymers, and the like. 
Particularly preferred are lactose, sodium chloride, sodium 

2 0 citrate, and citric acid which are generally accepted for 

pulmonary delivery in dry powder formulations. 

The hydrophobic component will be dissolved in the 
organic solvent and the hydrophilic component will be 
suspended in the organic solvent prior to spray drying. In 
25 order to enhance the uniformity and the stability of the 
suspension of the hydrophilic component in the. organic 
solvent, it is desirable to provide the hydrophilic component 
as a fine powder, preferably a submicron powder, having a 
particle size in the ranges set forth above. Many or most 

3 0 hydrophilic excipients and other components will be available 

from suppliers as powders. The particle size of the supplied 
powders, however, will often be above the preferred size 
ranges set forth above. In such cases, it will usually be 
desirable to further reduce the particle size by grinding, 
3 5 comminuting, micronizing, microf luidizing, or similar size- 
reduction processes. Preferred techniques for producing 
particles having sizes in the nanometer range are described in 
U.S. Patent Nos. 5,518,187; 5,510,118; and 5,534,270. 
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The phrase "ultrafine dry powder" means a powder 
composition comprising a plurality of discrete, dry particles 
having the characteristics set forth below. In particular, 
the dry particles will have an average particle size below 
5 10 fxm, usually below 5 [im, preferably being in the range from 
0,4 to 5 ^m, more preferably from 0.4 to 4 /im. The average 
particle size of the powder will be measured as mass median 
diameter (MMD) by conventional techniques. A particular 
powder sizing technique uses a centrifugal sedimentary 

10 particle size analyzer (Horiba Capa 700) . The powders will be 
capable of ^being^ re^^^^ an^^inhala and 

subsequently inhaled by a patient so that the particles are 
able to penetrate into the alveolar regions of the lungs. 

Of particular importance to the present invention, 

15 the ultrafine dry particle compositions produced by the method 
will have particle size" distributions which enable them to 
. target the alveolar region of the lung for pulmonary delivery 
of locally acting steroids, systemically acting proteins, and 
other biologically active materials that can be administered 

20 to or through the lungs. Such compositions advantageously may 
be incorporated into unit dosage and other forms without 
further size classification. Usually, the ultrafine dry 
powders will have a size distribution where at least 90% of 
the powder by weight will comprise particles having an average 

25 size in the range from 0.1 f^m to 7 ^m, with preferably at 
least 85% being in the range from 0 .4 /im to 5 /zm. 
Additionally, it is desirable that the particle size 
distribution avoid having an excess amount of particles with 
veiry small average, diameters, i.e., below 0.4 /im, 

3 0 The term "dry" means that the particles of the 

powder have a residual solvent and moisture content such that, 
the powder is physically and chemically stable in storage at 
room temperature and is readily dispersible in an inhalation 
device to form an aerosol. Usually, the residual solvent and 

3 5 moisture content of the particles is below 10% by weight, 

usually being below 5% by weight, preferably being below 3% by 
weight, or lower. The residual solvent and moisture content 
will usually be controlled by the drying conditions, as 
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described in more detail below. The term "dry" further means 
that the particles of the powder have a residual solvent and 
moisture content such that the powder is readily dispersible 
in an inhalation device to form an aerosol. In some cases, 
the aqueous content may approach zero. 

The term "therapeutically effective amount" is the 
amount present in the composition that is needed to provide 
the desired levfel of " hydrophobic drlig in the subject "to' be 
treated to give the anticipated physiological response. This 
amount is determined for each drug on a case-by-case basis. 
The term "physiologically effective amount" is that amount 
delivered to a subject to give the desired palliative or 
curative effect. This amount is specific for each drug and 
its ultimate approval dosage level. 

The therapeutically effective amount of hydrophobic 
drug will vary in the composition depending on the biological 
activity of the drug employed and the amount needed in a unit 
dosage form. Because the subject powders are dispersible, it: 
is highly preferred that they be manufactured in a unit dosage 
form in a manner that allows for ready manipulation by the 
formulator and by the consumer. This generally means that a 
unit dosage will be between about 0,5 mg and 15 mg of total 
material in the dry powder composition, preferably between 
about 1 mg and 10 mg. Generally, the amount of hydrophobic 
drug in the composition will vary from about 0.01% w/w to 
about 95% w/w. Most preferably the composition will be about 
0.05% w/w to about 25% w/w drug. 

Referring now to Fig. 1, processes according to the 
present invention for preparing dispersible dry powders of 
hydrophobic and hydrophilic components comprise an atomization 
operation 10 which produces droplets of a liquid medium which, 
are dried in a drying operation 20. Drying of the liquid 
droplets results in formation of the discrete particles which 
form the dry powder compositions which are then collected in a 
separation operation 30. Each of these unit operations will 
be described in greater detail below. 

The atomization process 10 may utilize any one of 
several conventional forms of atomizers. The atomization 
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process increases the surface area of the starting liquid. 
Due to atomization there is an increase in the surface energy 
of the liquid; the magnitude of which is directly proportional 
to the surface area increase. The source of this energy 
increase depends on the type of atomizer used. Any atomizer 
(centrifugal; sonic, pressure, two fluid) capable of producing 
droplets with a mass median diameter of less than about 20 /xtn 
could be used. Preferred for the present invention is the use 
of two fluid atomizers where the liquid medium is delivered 
through a nozzle concurrently with a high pressure gas stream. 
Particularly preferred is the use of two-fluid atomization 
nozzles as described in copending application serial no. 
08/644,681; which is capable of producing droplets having a 
median diameter less than 2 0 /xm. 

The atomization gas will usually be nitrogen which 
has been filtered or otherwise cleaned to remove particulates 
and other contaminants. Alternatively, other gases, such as 
air may be used. The atomization gas will be pressurized for 
delivery through the atomization nozzle, typically to a 
pressure above 5 psig, preferably being above 10 psig. 
Although flow of the atomization gas is generally limited to 
sonic velocity, the higher delivery pressures result in an 
increased atomization gas density. Such increased gas density 
has been found to reduce the droplet size formed in the 
atomization operation. Smaller droplet sizes, in turn, result 
in smaller particle sizes. The atomization conditions, 
including atomization gas flow rate, atomization gas pressure, 
liquid flow rate, and the like, will be controlled to produce 
liquid droplets having an average diameter below 20 /im as 
measured by phase doppler velocimetry. 

The drying operation 20 will be performed next to 
evaporate liquid from the droplets produced by the atomization 
operation 10. Usually, the drying will require introducing 
energy to the droplets, typically by mixing the droplets with 
a heated gas which causes evaporation of the water or other 
liquid medium. Preferably, the heated gas stream will flow 
concurrently with the atomized liquid, but it would also be 
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possible to employ counter-current flow, cross-current flow, 
or other flow patterns. 

The drying rate may be controlled based on a number 
of variables, including the droplet size - distribution, the 
inlet temperature of the gas stream, the outlet temperature of 
the gas stream, the inlet temperature of the liquid droplets, 
and the manner in which the atomized spray and hot , drying gas 
are mixed. Preferably, the drying gas stream will have an 
inlet temperature of at least 70 °C. The outlet temperature 
will usually be at least about 4 0°C. The dirying gas will 
usually be air or nitrogen which has been filtered or 
otherwise treated to remove particulates and other 
contaminants. The gas will -be moved through the system using 
conventional blowers or compressors. 

The separation operation 3 0 will -be selected in 
order to achieve very high efficiency collection of the 
ultrafine particles produced by the drying operation 20. 
Conventional separation operations may be used, although in 
some cases they should be modified in order to assure 
collection of sub-micron particles. In an exemplary 
embodiment, separation is achieved using a filter medium such 
as a membrane medium (bag filter) , a sintered metal fiber 
filter, or the like. Alternatively, and often preferably, 
separation may be achieved using cyclone separators, although 
it is usually desirable to provide for high energy separation 
in order to assure the efficient collection of sub-micron 
particles. The separation operation should achieve collection 
of at least 80% of all particles above 1 /zm in average 
particle size, preferably being above 85%, more preferably 
being above 90%, and even more preferably being above 95%, in 
collection efficiency. 

In some cases, a cyclone separator can be used to 
separate very fine particles, e.g. 0.1 /xm, from the final 
collected particles. The cyclone operating parameters can be 
selected to provide an approximate cutoff where particles 
above about 0.1 /xm. are collected while particles below 0 . 1 //m 
are carried over in the overhead exhaust. The presence of 
particles below 0.1 [im in the pulmonary powder is undesirable 
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since they will generally not deposit in the alveolar regions 
of the lungs, but instead will be exhaled. 

The present invention relies on proper selection of 
the liquid medium or media for solubilizing the hydrophobic 
5 drug or other component and suspending the hydrophilic 

excipient or other component. In particular, the hydrophobic 
drug or other component is dissolved in an organic solvent 
selected to fully dissolve the drug. The hydrophilic 
excipient is insoluble or sparingly soluble in the organic 

10 solvent, and is formed into a powder and suspended in the 

organic solvent. The resulting liquid medium is then, spray 
dried as described above. This approach is advantageous in 
that the hydrophilic excipient may be wholly or partially 
coated with the hydrophobic drug. Such a coating can, in some 

15 instances, enhance the surface characteristics of the 
particles to improve handling and/or aerosolization 
characteristics. For example, coating budesonide over a 
carrier such as lactose has been found to reduce particle 
agglomeration sufficiently to eliminate the need to disrupt 

2 0 agglomerates (e.g. by screening) prior to packaging, thus 

reducing manufacturing coat. An additional advantage of this 
approach is that the use of nonaqueous media is advantageous 
for spray drying components that are physically or chemically 
sensitive to either water while in solution or to residual 
25 moisture content in the powder. The utilization of a 

nonaqueous media essentially eliminates the exposure" of the 
component to both water during spray drying and residual 
moisture in the powder, thereby avoiding triggering the 
component's sensitivity to water. 

3 0 Once the dry powders have been prepared, they may be 

packaged in conventional ways. For pulmonary pharmaceutical 
applications, unit dosage forms may comprise a unit dosage 
receptacle containing a dry powder. The powder is placed 
within a suitable dosage receptacle in an amount sufficient to 
35 provide a subject with drug for a unit dosage treatment. The 
dosage receptacle is one that fits within a suitable 
inhalation device to allow for the aerosolization of the dry 
powder composition by dispersion into a gas stream to form an 
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aerosol and then capturing the aerosol so produced in a 
chamber having a mouthpiece attached for subsequent inhalation 
by a subject in need of treatment. Such a dosage receptacle 
includes any container enclosing the composition known in the 
5 art such as gelatin or plastic capsules with a removable 

portion that allows a stream of gas (e.g., air) to be directed 
into the container to disperse the dry powder composition. 
Such containers' are exemplified by those shown in U.S. Patents 
4,227,522 issued October 14, 1980; 4,192,309 issued March 11, 

10 1980; and 4,105,027 issued August 8, 1978, Suitable. 

containers also include those used in conjunction with Glaxo ' s 
Ventolin Rotohaler® brand powder inhaler or Fison's Spinhaler*® 
brand powder inhaler. Another suitable unit -dose container 
which provides a superior moisture barrier is formed from an 

15 aluminum foil plastic laminate. The pharmaceutical-based 

powder is filled by weight or by volume into the depression in 
the formable foil and hermetically sealed with a covering 
foil -plastic laminate. Such a container for use with a powder 
inhalation device is described in U.S. patent 4,778,054 and is 

20 used with Glaxo 's Dislchaler® (U.S. Patents 4,627,432; 

4,811,731; and 5,035,237). ,Preferred dry powder inhalers are 
those described in U.S. Patent application serial nos . 
08/309,691 and 08/487,184, assigned to the assignee of the 
present invention. The latter application has been published 

25 as WO 96/09085. 

The following examples are offered by way of 
illustration, not by way of limitation. 

EXPERIMENTAL 

3 0 The following materials were used; 

Budesonide (micronized to a median particle size of 1-2 fim; 
Steraloids) 

Lactose monohydrate (NF grade; Foremost Ingredient Group) 
Spray dried lactose (median particle size of 1-3 ixm) 
35 Jet milled lactose 

Sodium Chloride (reagent grade from VWR and USP grade from EM 
Industries) 

Spray dried sodium chloride 
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Sodium citrate, dihydrate (USP grade; Mallinckrodt ) 
Spray dried sodium citrate 
Deionized water 

Ethanol, 200 proof (USP/NF/ Spectrum Chemical Mfg, Corp.) 
Acetone (for histology; EM Industries) 
Methanol (HPLC grade; EM Industries) 

All batches were spray dried on Buchi 19 0 Mini Spray 
Dryers, with nozzles and cyclones that were designed to 
generate and catch very fine particles. A Buchi 190 Mini 
Spray Dryer was used that was modified so that it was supplied 

^^^^ .^'^L^??.?,^^..^? F^^^ ^^^PP^*^ with an oxygen 

sensor and other safety equipment to minimize the possibility 
of explosion. The solution feed rate was 5 ml/minute, inlet 
temperature was adjusted to obtain the outlet temperature 
noted in each example, the top of the cyclone was jacketed and 
-cooled to a temperature of about 30 «C, the drying air (or 
nitrogen) flow rate was about 18 SCFM, and the atomizing air 
was supplied at 0.5 to 1,5 SCFM. The powders were" further 
dried in the collector for 5-15 minutes (most often for 5 
minutes) by maintaining approximately the outlet temperature 
and air volume after the feeding of the liquid formulation was 
completed. 

Particle size was determined with a Horiba Particle 
Size Analyzer, model CAPA 700. Median particle size refers to 
the volume based particle size distribution of the prepared 
bulk powders determined via centrifugal sedimentation as 
follows - A sample of the powder was suspended in an 
appropriate liquid medium (one that minimizes soliibilizing the 
particle) , sonicated to break up the agglomerates, and then 
centrifuged. The median particle size was determined by 
measuring the sedimentation rate during centrif ugation. This 
method provides the median size of the "primary" particle, 
that is, the size of the particles produced by the 
manufacturing process, plus potential modification during 
sample preparation. Because these formulations are composed 
of both water soluble and water insoluble materials, it is 
likely that the suspension step during sample preparation does 
to some extent solubilize part of the particle, and thereby 
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modify the particle size that is determined. Therefore, the 

resultant particle sizes should be viewed as estimated values, 

rather than absolute values. 

Moisture content was determined by the Karl-Fischer 

5 Reagent titrimetric method. 

Delivered dose efficiency refers to a measure of the 

percentage of powder which is drawn out of a blister package 

and which exits the mouthpiece of an inhaler device as 

described in U.S. Patent Application Serial No. 08/487,184. 

10 Delivered dose efficiency is a measure of efficiency for the 

powder package/device combination. The test was performed by 

connecting a vacuum system to the device mouthpiece. The 

vacuum system was set to be similar to a human inhalation with. 

regard to volume and flow rate (1.2 liters total at 3 0 

15 liters/minute), A blister package containing 0.5 to 10 mg of 

-the formulation to be evaluated (5 mg of powder was used for 

I the following examples) was loaded into a device which was 

held in a testing fixture. The device was pumped and fired, 

and the vacuum "inhalation" was switched on. The aerosol 

20 cloud was thus drawn out of the device chamber by the vacuum, 

and the powder was collected on a filter placed between the ^ 

mouthpiece and the vacuum source. The weight of the powder 

I collected on the filter was determined. Delivered dose 

I efficiency was calculated by multiplying this weight by one 

! 25 hundred and dividing by the fill weight in the blister. A 

! higher number was a better result than a lower number. 

i 
I 

Suspending excipient in an organic solvent budesonide solution 

I Manufacturing procedure: 

; 3 0 The budesonide was mixed with the organic solvent 

' until all of the budesonide was completely dissolved to form a 

j solution (sonicate if necessary to aid dissolution of the 

I solids) . The budesonide solution was mixed with the 

excipient (s) to form a suspension, and then sonicated. The 
3 5 suspension was continuously mixed prior to and throughout 

I spray drying. It was found that passing these powders through 

I 

I a screen was usually not required. 

I 
I 



wo 98/29140 PCT/US97/23903 

18 

Table 1 shows the spray drier atomization air 
pressure and outlet air temperature, quantitative composition, 
a description of the particle morphology, particle size, and 
delivered dose efficiency for each powder. Where the powder 
5 was passed through a 35 mesh screen, the delivered dose 

efficiency results are preceded by the word "screened." It 
appears using spray dried lactose as the excipient results in 
the best delivered dose efficiency, and that switching spray 
dried lactose with either jet milled lactose, sodium chloride, 
10 or sodiu|B citrate results in a lower delivered dose 
efficiency. 



. wo 98/29140 



PCT/US97/23903 



19 



a 
g 



o 

> 
a 



II 

Q 

d 



Q 

c/3 



in 



— u C3 



00 

II 

Q 

to 



If 

Q 

DO 



II 

Q 



CO 



II 

Q 

CO 



Q 
CO 



II 

Q 

CO 

d 



fH o 

o 



CO 



SCO 3. 



00 



CN 



3 



ON 



CO 



o 



^ o 



O V3 

IS g 

CO 5 



0) 



E B = 

m lo S 
»o 



E 5 c= 

lA tn S 
cs *^ 



on 00 7^ 

S £ 

c) o s:;! 

in lo 53 



op to-g 

s s ^ 



£ E - 
fcn r- P 



»n 



CO 00 , 

S E = 
n m P 



00 

E ^ 



E 

m 



CO' 

S ■ 
in 

CN 



teO C073 
C £ £= 

in to ^ 



a. 

s 



D -a 
■a H 

*!-» 
S T3 -r? 



OQ 



E 
o 



CO tU PQ 



CO til 



CO t2 



o 
o 

o 



c35 



CO S 



CO i:| UJ 



•a 

o o 
60 "a 

-3 

CQ CO CU 



O 



4J 



CO 



U4 



CO LH 




u 

o 



CN 



CO 



CO 3 



U 

o 

m 



U 

o 

in 

VO 



u 

o 

1 ci, 

<^ 



U 
0 

00 
so 

hr ^ 

^ ^ CL, 

3 T ^ 
cn CQ •2-' 



U 
o 

VO 

2> T o 

cn CQ w 



U 

o 

VO 
VO 

ON 



U 

o 

\o 

VO 
^ CO 

^ £r? 

ON cs o 



u 

o 

VO 

<N q 



ui o Ln o m o in 

H H CM CM m n 

SUBSTITUTE SHEET (RULE 26) 



- wo 98/29140 PCT/US97/23903 

20 

Although the foregoing invention has been described 
in some detail by way of illustration and example, for 
purposes of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within the 
scope of the appended claims.. 
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WHAT IS CLAIMED IS: 

1 1 . A method for preparing a dry powder 

2 composition, said method comprising; 

3 preparing a solution of a hydrophobic component in 

4 an organic solvent or cosolvent system; 

5 suspending a hydrophilic component in the organic 

6 solvent or cosolvent system to form a suspension; and 

7 - spray drying- the suspension to form particles 

8 comprising the hydrophilic and hydrophobic components, 

1 2. A method as in claim 1, wherein the hydrophobic 

2 component has a solubility of at least 0.1 mg/ml in the 

3 organic solvent. 

1 3. A method as in claim 2, wherein the hydrophilic 

2 component has a solubility below 5 mg/ml in the organic 

3 solvent ^ 

1 4. A method as in claim 3/ wherein the hydrophobic 

2 component has a concentration in the range from 0.01 mg/ml to 

3 . 10 mg/ml and the hydrophilic component is suspended to a 

4 concentration in the range from 1 mg/ml to 100 mg/ml. 

1 5. A method as in claim 1, wherein the organic 

2 solvent is selected from the group consisting of alcohols, 

3 ketones, hydrocarbons, and polar aprotic solvents. 

1 6 . A method as in claim 1, wherein the hydrophobic 

2 component comprises a hydrophobic drxig. 

1 7. A method as in claim 6, wherein the hydrophobic 

2 drug is a steroid selected from the group consisting of 

3 budesonide, testosterone, progesterone, estrogen, flunisolide, 

4 triamcinolone, beclomethasone, betamethasone; dexamethasone, 

5 fluticasone, methylprednisolone , prednisone, hydrocortisone. 
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1 8. A method as in claim 6, wherein the hydrophobic 

2 drug comprises a peptide, a retinoid, vitamin D, vitamin E, 

3 vitamin K, precursors and derivatives of these vitamins, a 

4 prostaglandin, a leukotriene, tetrahydrocannabinol, lung 

5 surfactant lipid, an antioxidant, a hydrophobic -antibiotic, or 

6 a chemotherapeutic drug. 

1 9. A method as in claim 1, wherein the hydrophilic 

2 component comprises an excipient for the hydrophobic drug. 

1 10. A method as in claim 9, wherein the hydrophilic 

2 excipient comprises a material selected from the group 

3 consisting of lactose, sodium citrate, mannitol, povidone, 

4 pectin, citric acid, sodium chloride, and mixtures thereof. 

1 11. A method as in claim 1, further comprising 

2 screening the spray dried particles to disrupt agglomerates, 

1 12 , A method as in claim 1, wherein prior to 

2 suspension in the organic solvent or cosolvent the hydrophilic 

3 component is a powder having a particle size in the range from 

4 5 /xm to 2 0 nm, 

1 13 . A method as in claim 12, wherein the particle 

2 size is in the range 'from 800 nm to 50 nm. 

1 14 , A method as in any one of claims 1 to 13 , 

2 further comprising: 

3 measuring a single dosage of the dry powder; and 

4 sealing the single dosage in a package. 

1 15 . A dry powder composition prepared according to 

2 any of claims 1 to 13 . 

1 16. A unit dose of a dry powder composition 

2 comprising a unit dose receptacle having a therapeutically 

3 effective amount of a dry powder composition according to any 

4 one of claims 1 to 13 . 
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1 17, A method for aerosolizing a dry powder 

2 composition said method comprising: 

3 providing an amount of a dry powder composition 

4 according to any of claims 1 to 13 ; and 

5 dispersing the dry powder composition into a flowing 

6 gas stream. 
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